Objective-A critical regulator of the developing or regenerating vasculature is low oxygen tension. Precise elucidation of the role of low oxygen environments on endothelial commitment from human pluripotent stem cells necessitates controlled in vitro differentiation environments. Approach and Results-We used a feeder-free, 2-dimensional differentiation system in which we could monitor accurately dissolved oxygen levels during human pluripotent stem cell differentiation toward early vascular cells (EVCs). We found that oxygen uptake rate of differentiating human pluripotent stem cells is lower in 5% O 2 compared with atmospheric conditions. EVCs differentiated in 5% O 2 had an increased vascular endothelial cadherin expression with clusters of vascular endothelial cadherin+ cells surrounded by platelet-derived growth factor β+ cells. When we assessed the temporal effects of low oxygen differentiation environments, we determined that low oxygen environments during the early stages of EVC differentiation enhance endothelial lineage commitment. EVCs differentiated in 5% O 2 exhibited an increased expression of vascular endothelial cadherin and CD31 along with their localization to the membrane, enhanced lectin binding and acetylated low-density lipoprotein uptake, rapid cord-like structure formation, and increased expression of arterial endothelial cell markers. Inhibition of reactive oxygen species generation during the early stages of differentiation abrogated the endothelial inductive effects of the low oxygen environments. 
L ow oxygen environments drive blood vessel growth in both the embryo and the adult. In the developing human embryo, the earliest tissue to form is the vascular system because of the necessity of oxygen and nutrients for tissue growth and survival. In the adult, ischemia, characterized by a deficit in nutrients and oxygen, stimulates blood vessel recruitment. In stark contrast to typical cell culture environments that consist of ≈20% O 2 , tissues in the body experience 1% to 5% O 2 and blood vessels experience 5% to 7% O 2 based on vessel type. 1 Human stem cells provide the opportunity to study the effects of low oxygen environments on vascular differentiation in controlled in vitro conditions. Toward these ends, human pluripotent stem cells (hPSCs), including human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs), have been studied widely because of their abilities to self-renew and differentiate into any cell type of the body. Recapitulation of low O 2 tensions during hPSC differentiation offers insights into embryonic development and, in turn, may yield the generation of cells from a renewable source for therapeutic use.
Endothelial cells (ECs), which make up the inner lining of blood vessels, are in direct contact with blood, thus positioning them as the first responders to changes in O 2 levels. Indeed, previous studies have revealed that O 2 availability plays a vital role in EC differentiation from a variety of stem cell sources, including human embryonic stem cells, 2, 3 mouse ESCs, 4 human endothelial progenitor cells, 5 human bone marrow CD133+ cells, 6 and amniotic mesenchymal side population cells. 7 Previous studies examining the influence of low O 2 tensions on EC differentiation from PSCs have relied on 3-dimensional embryoid body differentiation 3, 4 -in which the local oxygen environment of each cell varies slightly according to the cell's position in the sphere as result of an oxygen gradient 3, 8 -or spontaneous differentiation from pluripotent cultures on feeder layers that may contribute to oxygen consumption. 2 In our previous study, we found that hPSCs can be induced to codifferentiate into early vascular cells (EVCs) using a step-wise differentiation protocol that uses a feeder-free monolayer culture and avoids an EB intermediate and sorting, thus enabling the study of the role of low O 2 in a controlled system. The EVCs were composed of ECs and pericytes, determined by their expression of vascular endothelial cadherin (VEcad) and platelet-derived growth factor β (PDGFRβ), respectively. Low oxygen environments have been shown to accelerate the generation of vascular precursors, characterized by the expression of Brachyury, vascular endothelial growth factor (VEGF) receptor-2, and Bone morphogenetic protein 4, from mouse ESCs. 10 Common markers of vascular precursors applicable to hPSCs include kinase domain receptor, [11] [12] [13] [14] CD34, [15] [16] [17] and CD56. 18 Furthermore, in response to changing dissolved oxygen (DO) levels, cells increase production of reactive oxygen species (ROS). 19 With respect to ECs, ROS levels increase in response to hypoxia and reoxygenation. The role of ROS has also been implicated in cardiovascular differentiation of mouse ESCs to transduce mechanical signals. 20 In ROS-induced conditions, hESCs were observed to differentiate into mesodermal and endodermal lineages. 21 Here, we investigated whether exposure to 5% O 2 affected expression of early vascular markers as well as yielded ROS expression to transduce oxygen signals.
The role of low oxygen tension in vascular growth is further complicated by the fact that arterial and venous ECs are exposed to disparate oxygen tensions. Macroscopically, arterial ECs are subject to oxygenated blood flow, in contrast to venous ECs, which experience deoxygenated blood. Previous studies examining the role of low oxygen tension in EC fate specification has yielded confounding results. One study demonstrated that newborn mice exposed to moderate hypoxia (10% O 2 ) failed to express arterial markers but maintained vein-specific marker expression. 22 However, endothelial progenitor cells acquired an arterial fate on exposure to hypoxic conditions. 23 In the present study, we hypothesized that physiological oxygen conditions direct endothelial fate of hPSCs. We speculated that by differentiating hPSCs in controlled conditions, we could precisely elucidate the role of low O 2 tension as a means to augment EC differentiation capacity and to direct EC fate specification. Furthermore, we sought to understand whether the influence of low O 2 was maintained in hiPSC differentiation, which has not been investigated previously. Toward this end, we used a fully genetically sequenced hiPSC line, BC1, which is also derived nonvirally, making it a clinically relevant modality with translational importance. 24 We measured the local O 2 microenvironment of the cells under 5% O 2 and atmospheric differentiation conditions and assessed the expression of early vascular markers under each condition. Next, we evaluated the phenotypes of EVCs under continuous 5% O 2 and control (atmospheric) conditions. Finally, we determined the role of ROS in the differentiation phenotypes.
Materials and Methods
Materials and Methods are available in the online-only Supplement.
Results

DO Measurements and Oxygen Uptake Rate
Three classes of hypoxia have been described in correlation with the oxygen concentration in the blood: moderate hypoxia (≈5% O 2 ), severe hypoxia (≈1% O 2 ), and anoxia (no O 2 ). 25 Moderate hypoxia corresponds to physiological oxygen tension, or the concentration of oxygen typically found in blood vessels. Alternatively, severe hypoxia is found within certain tissues, the developing embryo, and in tumors; anoxia arises from complete lack of blood flow and has been suggested to be present in the bone marrow niche. 1, 26 Previous studies have reported that prolonged differentiation in 1% O 2 conditions yielded cell death and low-quality RNA 2 ; thus, we focused on a 5% O 2 environment as a representative of physiologically relevant conditions.
In this study, hPSCs were differentiated in feeder-free monolayer cultures following our established protocol. 9 We began by measuring DO levels during the first 6 days of differentiation to determine the oxygen uptake rate (OUR). Toward this end, hPSCs were dissociated into a single-cell suspension and seeded on a collagen IV substrate with oxygen sensor patches affixed to the bottom. Using this system, it is possible to measure DO levels precisely at the cells' microenvironment. [27] [28] [29] [30] We measured the DO levels every 30 minutes for 6 days and changed media on the third day. Under atmospheric conditions (≈20% O 2 ), DO levels decreased to ≈15% O 2 for both hESC-H9 and hiPSC-BC1 differentiating cells ( Figure 1A ; for ease of visualization, measurements every 60 minutes are presented on the graph).
To obtain 5% O 2 conditions, differentiation occurred in a hermetically sealed chamber that was flushed with a nitrogen/carbon dioxide/oxygen mixture to obtain 5% O 2 conditions before DO measurements. Under these conditions, we detected oscillations in DO levels initially (data not shown). We attribute these fluctuations to the low temperature of the gas mixture used to flush the chamber to obtain a 5% O 2 environment. Thus, our measurements begin once the temperature within the chamber is constant (ie, after 2.5 hours). We found that DO levels of differentiating cultures decreased to ≈1% O 2 during the first 6 days of 5% O 2 differentiation ( Figure 1B) . DO levels did not seem to reach equilibrium after 3 days, as evidenced by the downward sloping trend during the first 3 days. During the next 3 days, DO levels decreased in a gradual fashion and reached a steady state on the sixth day. After 6 days, cell density was not significantly different between the 2 hPSC lines or variable oxygen tensions ( Figure 1C) .
The difference in the oxygen partial pressure in the chamber and the DO level measured by the sensors allows us to calculate the oxygen gradient. Using this gradient and taking into account the cell growth after 6 days, we can also calculate the OUR per cell (see Materials and Methods in the online-only Data Supplement lines was not significant; however, the OUR of cells differentiated in atmospheric conditions was significantly greater than that in 5% O 2 conditions for each cell line (Table) . These findings agree with our previously reported data that demonstrated the OUR of hPSC cultures under atmospheric conditions was greater than that in lower oxygen conditions.
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Assessment of Early Vascular Marker Expression
After 6 days of differentiation in either atmospheric or 5% O 2 conditions, we assessed the expression of early vascular markers by the differentiated cells. Flow cytometry revealed no difference in protein expression of kinase domain receptor (also known as human VEGF receptor-2), CD34, or CD56 between the differentiation conditions ( Figure 1D ). However, reverse transcription polymerase chain reaction (PCR) analysis revealed that CD34, kinase domain receptor, and CD56 expression is significantly increased in 5% O 2 -differentiated cells compared with control differentiation ( Figure 1E ).
Effect of 5% O 2 Environment on Endothelial Differentiation
Next, we assessed the effect of variable oxygen conditions on our bicellular EVCs. We compared the EVCs derived in continuous 5% O 2 tension with control conditions ( Figure 2A ). Our control conditions were differentiating cells exposed to atmospheric conditions for all 12 days (control EVCs). 9 In continuous 5% O 2 conditions, cells were exposed to a 5% O 2 environment for all 12 days of differentiation. Light microscopy images revealed drastic morphological differences in the cell derivatives ( Figure 2B ). EVCs differentiated in control conditions appeared spread with no visible organization. Remarkably, EVCs differentiated in continuous 5% O 2 conditions adopted an organized structure and exhibited 2 distinct morphologies: elongated cells bundles (arrows) and cobblestone area-forming cells (arrowheads). Flow cytometry analysis of these derivatives revealed that 5% O 2 -differentiated EVCs exhibited greater VEcad expression compared with control conditions ( Figure 2C ; P<0.05).
Immunofluorescent staining revealed further differences between the EVCs. Some VEcad expression in control EVCs was membrane localized, but most was intracellular ( Figure 2D and 2E). Control EVCs exhibited PDGFRβ expression localized to the nucleus, most likely as a result of nonspecific binding. Contrastingly, immunofluorescent images uncovered a unique organization of 2 distinct populations of VEcad+ and PDGFRβ+ cells in 5% O 2 EVCs ( Figure 2D ). VEcad+ clusters were observed to be surrounded by PDGFRβ+ pericytes. Moreover, VEcad expression was localized appropriately to the cellular membrane in EVCs derived via continuous 5% O 2 environments ( Figure 2E ). PDGFRβ expression in 5% O 2 EVCs was largely expressed in cells' cytoplasm.
Effects of Temporal Low Oxygen Differentiation Environments
To determine whether low oxygen environments play a role in a temporal manner, we compared the effect of 5% O 2 environments during the first half of differentiation with the effect of 5% O 2 environments during the second half of differentiation ( Figure 3A ). In the secondary 5% O 2 conditions, cells were exposed to control (ie, atmospheric) conditions for the first 6 days of differentiation followed by 6 days in 5% O 2 conditions. Conversely, in the 5% O 2 primed condition, cells were exposed to a 5% O 2 environment for the first 6 days of differentiation followed by 6 days in control conditions. We found that mRNA levels of VEcad and CD31 were significantly increased in continuous or primed 5% O 2 conditions compared with control conditions ( Figure 3B ). Interestingly, when cells were alternately cultured in secondary 5% O 2 conditions, VEcad and CD31 mRNA expression levels were similar to that of control conditions. Correspondingly, light microscopy revealed that secondary 5% O 2 EVCs lacked any organization (similar to control conditions), whereas primed 5% O 2 EVCs resembled continuous 5% O 2 EVCs with an organization composed of elongated cell bundles (arrows) and cobblestone area-forming cells (arrowheads; Figure 3C ). Flow cytometry for VEcad expression confirmed that primed 5% O 2 EVCs had significantly greater VEcad protein expression compared with secondary 5% O 2 EVCs ( Figure 3D ). In fact, VEcad expression by primed 5% O 2 EVCs was similar to that by continuous 5% O 2 EVCs (from Figure 2C ). Finally, we confirmed that primed 5% O 2 EVCs also displayed clusters of VEcad+ cells surrounded by PDGFRβ+ pericytes ( Figure 3E , left), with appropriately localized VEcad and PDGFRβ ( Figure 3E, right) . Altogether, these data demonstrate that low oxygen conditions during the early stages of differentiation enhance endothelial lineage commitment.
Effect of 5% O 2 on Endothelial Fate
Because our data suggested augmented EC differentiation, we further investigated EC characteristics. For these studies, we compared control EVCs with primed and continuous 5% O 2 EVCs. Flow cytometry analysis revealed significantly augmented CD31 expression under either 5% O 2 condition ( Figure 4A ; P<0.05). Immunofluorescent assessment of cultures corroborated this result and revealed the expression of clusters of cells expressing CD31 appropriately localized to the cell membrane ( Figure 4B ). We also observed increased lectin binding in EVCs differentiated under either primed or continuous 5% O 2 conditions ( Figure 4C ). Lectin was not expressed in control EVCs; however, we could observe clusters of lectin+ cells under both 5% O 2 conditions ( Figure 4C ). As part of the body's cholesterol metabolism, ECs are able to incorporate acetylated low-density lipoprotein (acLDL). When we examined the ability for the 3 classes of EVCs to endocytose acLDL in vitro, we found that primed and continuous EVCs were able to uptake acLDL again following a clustered phenotype ( Figure 4D ). We could not detect acLDL uptake in control EVCs.
We next assessed the ability for EVCs derived by the 3 conditions to form cord-like structures on Matrigel. After 4 hours of culture, we could observe some spreading in control EVCs ( Figure 4E ). Intriguingly, primed or continuous EVCs were able to reorganize into cord-like structures after just 4 hours. Quantification of mean tube length revealed both types of 5% O 2 EVCs formed structures with significantly larger mean tube lengths compared with control EVCs after 4 hours ( Figure 4F ). During 24 hours, the mean tube length of structures formed by continuous or primed EVCs did not change. Contrastingly, the mean tube length of structures formed by control EVCs gradually increased during 24 hours, approaching that of primed and continuous EVCs. Examining the mean tube thickness, we found a similar trend ( Figure 4F ). After 4 hours of culture, primed or continuous EVCs reached their maximum thickness, whereas networks formed by control EVCs increased in mean tube thickness during 24 hours.
To further define the phenotype of derived ECs, we examined the expression of arterial EC markers, ephrinB2 and Nrp1, and venous markers, EphB4 and Nrp2, compared with control cell types, human umbilical artery ECs and human umbilical vein ECs. Expression of these markers was normalized to that by endothelial colony-forming cells. We took the natural log of the ratio of the relative expression of arterial markers ephrinB2 and Nrp1 to the relative expression of venous markers EphB4 and Nrp2. This form of analysis yields positive values for arterial cells (eg, human umbilical artery ECs) and negative values for venous cells (eg, human umbilical vein ECs; Figure 4G ). When we assessed these values for control, primed, and continuous EVCs, we found that both primed and continuous EVCs took on a phenotype more similar to that of human umbilical artery ECs ( Figure 4G ). Control EVCs did not demonstrate a clear fate identity toward either lineage. These data suggest that a 5% O 2 environment may promote EVCs toward the arterial lineage.
Role of ROS in 5% O 2 Differentiation
Low oxygen environments promote the generation of ROS, which allow the cells to adapt to lower O 2 tensions. 31 Generation of ROS was analyzed by 2′,7′-dichlorodihydrofluorescein diacetate, a redox-sensitive fluorescent dye, during differentiation in 5% O 2 and control conditions ( Figure 5A ). After just 3 days, we observed ROS accumulation in the 5% O 2 -differentiated cells to a greater extent than that in control cells ( Figure 5B ). To understand whether there was an association between ROS generation and the distinct phenotypes observed after 12 days, we treated the cells with diphenyleneiodonium (DPI), a potent inhibitor of ROS. Because we found that low oxygen conditions during the early stages of differentiation affect endothelial fate, we examined the effect of the addition of DPI to the first half of the differentiation. When DPI was added at day 0, cell attachment and proliferation were severely limited and we could not obtain enough cells for analysis. Alternatively, we added DPI after 3 days of differentiation to first allow the cells to attach and grow and then treated them with DPI for a total of 3 days (days 3-6 of differentiation). After 3 following days of differentiation under DPI-treated conditions (day 6 total), ROS production was reduced drastically ( Figure 5C ).
DPI-treated cells were maintained in 5% O 2 conditions for the second 6 days of differentiation but without DPI. After 12 days, DPI-treated cells exhibited similar expression of VEcad but lower expression of CD31 compared with control EVCs ( Figure 5D ). Both VEcad and CD31 expression in DPI-treated 
Discussion
Because of their ability to differentiate into every cell type of the body and to self-renew indefinitely in culture, hPSCs represent an important channel toward the progress of tissue regenerative therapies owing to their potential to generate clinically relevant numbers of any cell type of interest. Means to improve hPSC differentiation capacity will advance their clinical application toward repairing tissue in vivo or rebuilding tissue in vitro. Vital to these efforts is the regeneration of a functional blood supply to sustain tissue survival. Low oxygen tension is an important regulator in blood vessel growth. In the present work, we demonstrated that low oxygen environments augment endothelial differentiation from hPSCs. Toward the goal of obtaining cells for therapeutic use, we used a clinically relevant hiPSC line, BC1, which holds great potential for clinical translation because of its nonviral reprogramming method and knowledge of its entire genetic sequence. 24 When manipulating O 2 environments, the precise measurement of O 2 tension in the cellular microenvironment is critical to correlate cellular responses to O 2 availability. Our previous studies have demonstrated that, as a result of oxygen uptake by the cells, the O 2 microenvironment the cells experience varies from that in the macroenvironment. 29 In the previous and current study, DO levels were monitored via a fluorescent quenching technique, in which a noninvasive sensor patch composed of a ruthenium-based metal complex is excited by an external fluorescence light source. In our present study, we confirmed that DO levels experienced by the cells are lower than that of the macroenvironment. Under atmospheric conditions, differentiating hPSCs experience DO levels closer to 15%. Contrastingly, hPSCs maintained in pluripotent culture under atmospheric conditions experience decreasing DO levels to ≈5% O 2 along a 3-day culture period, as we have previously reported. 29 These differences could be a result of the lower cell seeding density in our differentiation system and perhaps a slower proliferation rate. In 5% O 2 conditions, differentiating hPSCs actually experience DO levels close to 1% after 3 days in culture. These differences play a vital role in cellular responses as different pathways are activated under 5% O 2 versus 1% O 2 .
Despite similar cell growth rates after 6 days, cells differentiated in 5% O 2 conditions demonstrated a lower OUR compared with control cells, concordant with our previous findings that various cell types, including somatic and pluripotent cells, cultured under lower oxygen conditions exhibit lower OURs than cell cultured under atmospheric conditions. 29 Six-day differentiated cells did not express vascular progenitor markers CD34, kinase domain receptor, or CD56 at the protein level. However, it is clear that the lower oxygen tension did affect mRNA expression of these vascular progenitor markers as reverse transcription PCR revealed significantly increased expression of all 3 markers after 6 days under 5% O 2 conditions compared with control conditions. We suspect that this discrepancy is because of the fact that although the low oxygen conditions are affecting the internal cellular machinery of the differentiating cells, 6 days may not be sufficient time to observe the differences at the protein level.
After 6 days of differentiation in either atmospheric or 5% O 2 conditions, cells were then subjected to a subsequent 6 days of differentiation in either condition. Indeed, continuous exposure to 5% O 2 for 12 days yielded EVCs with vastly different cell morphologies and cellular phenotypes compared with control EVCs. The low oxygen differentiation environment stimulated increased expression of EC markers VEcad and CD31 as well as their appropriate junctional localization. Low oxygen differentiation environments also yielded the generation of these derived ECs in discrete colonies throughout the culture, surrounded by PDGFRβ cells. This EC colony phenotype is reminiscent of an adult stem cell population, endothelial colony-forming cells, known for their ability to differentiate to mature ECs.
Although we implicate the role of 5% O 2 in EC differentiation from hPSCs, an intriguing caveat to this generalization is that a low oxygen environment is especially critical during the early time points of differentiation. EVCs exposed to 5% O 2 only during the first half of differentiation exhibited 2 distinct cell morphologies, characterized as VEcad+ colonies surrounded by PDGFRβ+ pericytes. When alternately exposed to 5% O 2 only during the second half of differentiation, EVCs resembled control. The effect of early low oxygen tension is suggestive of embryonic differentiation in which the vascular system itself forms under hypoxic oxygen levels, which increase to more physiological levels after the onset of flow. Another important aspect of the low oxygen differentiation environment is its ability to accelerate EC maturation. EVCs differentiated in either continuous or primed 5% O 2 conditions exhibited appropriate membrane localization of CD31, in addition to VEcad. As we previously reported, such robust membrane localization of VEcad or CD31 was only observed on sorted, subcultured VEcad+ cells on day 18 (ie, mature EC derivatives). 9 ECs in both primed and continuous EVCs also exhibited lectin binding and were able to uptake acLDL, a functionality associated with more mature EC phenotypes. Furthermore, continuous and primed EVCs demonstrated more rapid cord-like structure formation compared with control EVCs. Cord-like structures were observed as early as 4 hours after culture on Matrigel, whereas a comprehensive network was not observed by EVCs until 24 hours. Control EVCs reached similar network formation capability on Matrigel with respect to mean tube length and mean tube thickness after 24 hours. Taken together, these data demonstrate that low oxygen differentiation conditions enhance EC commitment as exemplified by the boost in EC marker expression and functionalities.
The derivation of ECs specified for a particular function may yield more effective repair of dysfunctional or injured vasculature. That oxygen tension differs in arteries and veins warrants continued study of the role of this instructive signal in EC specification. Our studies revealed that a 5% O 2 differentiation environment promoted the derivation of arterial-like ECs as demonstrated by increased expression of arterial markers ephrinB2 and Nrp1. Because our ECs are coderived with pericytes, we speculate the ECs may be more appropriately labeled as arteriole ECs. Previous studies have implicated a role for fluid shear stress 32 or activation of cAMP pathway 33 in arterial specification from endothelial progenitor cells or mouse PSCs, respectively. Furthermore, it has been demonstrated that low oxygen conditions (≈1% O 2 ) activate the Notch signaling pathway, which in turn upregulates arterial marker expression and represses venous marker expression in murine embryonic endothelial progenitor cells. 23 Inhibition of Notch signaling under hypoxic conditions led to markedly reduced levels of arterial markers. Contrastingly, other studies demonstrate that moderate hypoxia (10% O 2 ) promoted vein-specific marker expression but not artery marker expression. 22 Our finding that low oxygen tension promotes arterial EC fate specification is in agreement with the former of these 2 studies, linking low oxygen tension to arterial fate. To our knowledge, ours is the first study to make this connection in hPSC differentiation. The platform established here could be further leveraged to investigate these signaling pathways that drive specification more extensively.
Another common byproduct of hypoxic culture conditions is increased expression of VEGF, which acts upstream of Notch. 34 Corroborating this finding, previous literature supports that arteriovenous specification may be regulated by distinct VEGF levels, indicating that higher VEGF concentrations yield arterial ECs, whereas lower VEGF concentrations yield venous EC. 35, 36 Intriguingly, Lanner et al 37 found that arterial EC differentiation from mouse PSCs under hypoxic conditions was independent of increases in VEGF. Future work using our differentiation practice could help to understand this regulation more closely and expose whether the same is true during human PSC differentiation.
To better understand the differences between 5% O 2 and atmospheric differentiated cells, we examined the role of ROS on derivative phenotypes. We observed increased ROS expression under 5% O 2 conditions and confirmed that treatment with DPI diminished ROS generation. We found that when we added DPI at the beginning of differentiation, cell attachment and proliferation were diminished. This decreased cell viability may be a result of the necessity of a basal level of ROS for cell survival in hPSCs, a dependency that has been demonstrated in other cell types. 38, 39 To assess whether ROS generation under 5% O 2 conditions was critical to the observed phenotypes of primed and continuous EVCs, we treated the differentiating cells with DPI from days 3 to 6 of 5% O 2 differentiation. Our data indicated that VEcad and CD31 mRNA levels of DPI-treated EVCs were similar to or lower than that of control (ie, atmospheric) EVCs, demonstrating that treatment with DPI abrogated the endothelial inductive effect of the low oxygen differentiation environments.
Although our system presents a controlled method to study varying oxygen tensions on EC differentiation from hPSCs, there are certain notable limitations. For one, because we are only subjecting the system to 5% O 2 conditions every 3 days, the DO level drops in between flushes in a manner that we are not controlling. Future studies using constant 5% O 2 exposure would further help validate our findings. Second, the first half of our differentiation scheme includes media rich in serum (10% serum), which is known to contain a wide variety of undefined growth factors and cues. Reduction of this unknown variable could further help unveil the role low oxygen tension, unbridled by extraneous cues.
These studies demonstrate the importance of low oxygen tension in EC differentiation in a controlled environment and importantly for the generation of ECs with clinical translatability.
Improving endothelial cell (EC) differentiation from human pluripotent stem cells is a key area of research for regenerative medicine. As a stimulant of vascular growth in vivo, low oxygen tension has been studied widely for its role in vascular biology, including EC differentiation from a variety of stem cell types. In this study, we implicate the role of low oxygen tension in the controlled differentiation of ECs from human pluripotent stem cells, primarily during the early stages of differentiation. Our differentiation scheme yields ECs with protein expression and functionalities similar to that of mature, arterial-like ECs. Using a clinically relevant human-induced pluripotent stem cell type as well as a controlled differentiation strategy, these derived ECs could be integral to regenerative medicine therapeutics.
Significance
